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Optimal forming condition for producing the food container from cassava leaves using

Box-Behnken design and response surface methodology
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Abstract

Box- Behnken design and response surface methodology were applied to analyze the effects of factors in hot
compression of food container from cassava leaves, namely forming temperature, pressure, and time, as well as finding
an optimal forming condition in production based on vertical compression force, puncture force, and water absorption
time. The forming of food containers from cassava leaves was conducted using a hot-compression machine. From the
experiment, an increase of the forming temperature in the range of 170-190 °C caused the vertical compression force and
puncture resistance of the food containers decreased slowly. However, the forming with higher compression pressures in
the range of 1500-2200 psi resulted in vertical compression force resistance was clearly increased, but reduced the
puncture force resistance. Increasing the forming time in the range of 5-9 minutes affected in a longer water absorption
time but the forming time in the range of 5-6.5 minutes resulted in a decrease of puncture force. In addition, the regression
models fitted of the vertical compression force, puncture force, and water absorption time were used to optimize the
forming condition for manufacturing the food container from cassava leaves. An optimal condition found was the forming
temperature 170 °C, forming pressure 1600 psi, and forming time 6 minutes with a desirability score of 0.615, and the
predicted responses were the vertical compression force 22.5 N, puncture force 1.41 N, and water absorption time 22.5
minutes. Likewise, the food container produced with this optimal condition had the actual experimental value that differs

with predicted value by less than 5%.
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Parameter levels

Factors ID | Low (=) | Medium (0) | High (+)
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Compression

pressure (psi) X2 1500 2000 2500

Pressing time (Min.) X3 5 7 9
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2.4.3 mMInageunisgatani1 Wuniseaouiiion
SEI¥IAINIRATULNVEINTULUTIENT Bednutasn
31NTFNITNAABUAIUUIATFIUNEA S UNYAAINNTTY
(won.) 321-2560 Fslddmsunaaeuanifnsgedutives
nsgavanin lunisnaaeuindnano i sdunsnauiu
thian antuileiedgavesvan 5 faddns waznonag
ATINANVDIUTTANUI (AUUTIYAN) T 5 Vien e
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Run | Variable factor Response
No. | Temperature | Pressure | Time | VCF (N) | PF (N)| WA (min)
*1 180 2000 7 37.08 | 0.69 21.08
*2 180 2000 7 3582 | 0.59 20.32
170 2000 9 31.61 | 0.90 18.77
190 2000 5 2833 | 0.63 22.40
*5 180 2000 7 34.43 | 0.65 2131
180 1500 5 10.88 | 1.60 31.45
170 1500 7 1533 | 1.67 21.85
8 180 1500 9 7.44 | 1.49 22.45
*9 180 2000 7 36.37 | 0.63 20.42
10 190 2000 9 25.44 | 0.66 26.03
11 180 2500 9 27.08 | 0.89 22.34
*12 180 2000 7 36.46 | 0.63 20.80
13 190 2500 7 31.03 | 0.60 13.63
14 170 2000 5 36.96 | 0.74 16.14
15 180 2500 5 30.59 | 0.59 5.84
16 190 1500 7 16.82 | 1.15 32.59
17 170 2500 7 38.14 | 0.67 15.77

NUNBINA: *N159NAA0997; VCF Ao Vertical Compressive Force (W338nluuuafa);
PF fia Puncture Force (u34fnun157isnga); WA fle Water Absorption (n15ga11)
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aanesflmunzay Ae JULUULBQEUTAS (Quadratic
model) uriszpziraIN1sgaTutfisluuuiiaesnis

annegvinzay A sUwuunil 2 Jadesiuiu (Two-

=

factor interaction model; 2F) @33Uuuu 418991019

annesimunzaumaniiitedfty (0<0.05) WellAs1gn

HansenuvewsiazUadelusliuudiasinisannsenuin

9aunHTUTY (x) U39 UN1TEATUIU (x,) WAETTEEIIA

v
=

N199ATUTU (x3) Huansenuedeiidodrfymnonseonly

Y

IR L3afuNsANNE] LLaziwsnmms@ﬂ?ﬁmfw
(p<0.05) waziiloTiasginsiindunsizenseninatlade
A19 9 WU AsdunsAsesEninaLsdalulufuay
izazL’gmmi@m%mﬁﬂzjﬁﬁaﬁﬁm (p>0.05) FavaeAI
11 Msiindussnsefinansenuiisadntogneantinig
nakaENIaNIENIN v lvdesinisansUvedguuuudnaas
N150A08Y KarIATIEYANLYTUSIUYD LA Y
wuudiansdnads FeuanesivaziBoalunised 4
uanaNil gULLUUﬁmmzaummﬁﬁm p-value 383
augUladfidedadey (p>0.05) Famureadnudi 3u
wuudaeansannesiianuanuiuteyanismeaed
AduUszavsnisinaule (7)) Aduusyansnisdniula
fiUsuan (AR wazAduUszansnisiedauladiviune

(Pred-R%) fauandlum1snei 4 Tdieiinsengluuudnaes
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vo991s 3 3ULUU TAnagflurag 98.85% v 99.24% iy
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WugUnvuilmanzan uaziilodinsnesi Pred-R wuin
autRszozinnsgeBuinuansgeiian fe 97.51% thy
nueALIT ULUUTIa0In1Tannosdilddainisn
Uszanaunisviseasursanuiunushudeyalild 97.51%
nntoya R, Adj-R* wae Pred-R* vausiaz ULuUileEs
Tndidss 1 dudunsiuduin suuuunsanaeedldidu
sUuUTmanzay [13, 16-17] fedu aun1sanaesd
g anfua1nsvaaesuedusasaluLuIRe (VCF) i
Frunsfiumeq (PF) LawsvevnaInIanndutn (WA) wang
Flaamnisit (1) - (3)

VCF =

PF =

WA =

JUN 1 mavedeu (a) MISAlLLIAY (b) MIumeq uag (o) N13gATani

-353.98 + 0.60475 x; + 0.27444 x, +
19.58 x3 - 0.00043 x1x, — 0.000044 x,2 -
1.46661 x3? (1)

21.35-0.05675 x; - 0.0119 x; - 0.55427 x3 +
0.000023 x1x2 + 0.000103 xox3 + 0.00000158
X2? + 0.02664x5? 2)

-152.22 + 1.5645 x; + 0.0586 x;, - 11.89 x5 -
0.00064 X1Xo2 + 0.006375 XoX3 (3)

P

]

X

A1399 3 MIBATzviauLUsUTINEmSugluuuaen1sannsesie 9 neunisangdluisaraudi

VCF PF WA

Source F-value p-value F-value p-value F-value p-value
Model 77.19 < 0.0001* 132.84 < 0.0001* 231.50 < 0.0001*
X1 23.65 0.0018* 59.80 0.0001* 139.00 < 0.0001*
X2 330.79 < 0.0001* 675.75 < 0.0001* 731.96 < 0.0001*
X3 13.09 0.0085* 9.77 0.0167* 53.79 < 0.0001*
X1X2 8.39 0.0231*% 27.41 0.0012% 94.26 < 0.0001*
X1X3 0.6864 0.4347 2.29 0.1742 0.5682 0.4684
X2X3 0.0006 0.9818 22.75 0.0020* 369.45 < 0.0001*
X1 0.3745 0.5599 0.3706 0.5619 - -
x2? 237.29 < 0.0001* 359.72 < 0.0001* - -
X3 66.27 < 0.0001* 26.22 0.0014*% - -
Lack of Fit 3.80 0.1149 1.93 0.2662 3.45 0.1254
R? (%) 99.00 99.42 99.29

Adj-R? (%) 97.72 98.67 98.86

Pred-R? (%) 87.78 94.12 96.79

neLnAn: * @1 P-value ot 0.05 vuefis ArmddediAny



NSAFIEINTTUAERSHAzUIRNTSH TN 18 atuN 1 Usednieu unsiaw — duiAy 2568

M990 4 MTIeTgienuLlsUTINdmMTusULUUTIaeINMIanaesn1e 9 nasnisansUluidazaud

VCF PF WA
Source F-value p-value F-value p-value F-value p-value
Model 143.41 < 0.0001* 158.81 < 0.0001* 289.04 < 0.0001*
X1 29.34 0.0003* 55.72 < 0.0001* 144.68 < 0.0001*
X2 410.33 < 0.0001* 629.72 < 0.0001* 761.87 < 0.0001*
X3 16.23 0.0024* 9.11 0.0145* 55.99 < 0.0001*
X1X2 10.41 0.0091* 25.54 0.0007* 98.11 < 0.0001*
X1X3 - - - - - -
X2X3 - - 21.20 0.0013* 384.55 < 0.0001*
o 293.93 < 0.0001* 335.01 < 0.0001*
X3 81.78 < 0.0001* 24.20 0.0008*
Lack of Fit 2.29 02212 1.90 0.2764 3.16 0.1416
R? (%) 98.85 99.20 99.24
Adj-R? (%) 98.16 98.57 98.90
Pred-R? (%) 94.27 96.54 97.51

neLAn: * @1 P-value ondt 0.05 vuefis ArmddediAny
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